Neuroimaging plays a crucial role in the diagnosis and therapeutic decision making in infectious diseases of the nervous system. The review summarizes imaging findings and recent advances in the diagnosis of pyogenic brain abscess, ventriculitis, viral disease including exotic and emergent viruses, and opportunistic disease. For each condition, the ensuing therapeutic steps are presented. In cases of uncomplicated meningitis, cranial computed tomography (CT) appears to be sufficient for clinical management to exclude acute brain edema, hydrocephalus, and pathology of the base of skull. Magnetic resonance imaging (MRI) is superior in depicting complications like sub-/epidural empyema and vasculitic complications notably on FLAIR (fluid-attenuated inversion recovery)-weighted images. The newer technique of diffusionweighted imaging (DWI) shows early parenchymal complications of meningitis earlier and with more clarity and is of help in differentiation of pyogenic abscess (PA) from ring enhancing lesions of other etiology. Proton magnetic resonance spectroscopy (PMRS) seems to produce specific peak patterns in cases of abscess. The presence of lactate cytosolic amino acids and absence of choline seems to indicate PA. Also in cases of suspected opportunistic infection due to toxoplasma DWI may be of help in the differentiation from lymphoma, showing no restriction of water diffusion. In patients with herpes simplex and more exotic viruses like West Nile and Murray Valley virus DWI allows earlier lesion detection and therapeutic intervention with virustatic drugs.
INTRODUCTION
Infections of the nervous system and adjacent structures are often life-threatening conditions. The prognosis mainly depends on rapid identification of the site of inflammation and pathogen to install effective antimicrobial treatment as early as possible. Whereas analysis of CSF, biopsy, and laboratory analysis remain the gold standard to identify the infectious agent for instance in meningitis, neuroimaging is crucial in clearly depicting inflammatory lesions of brain and spine. Visualization of typical lesion patterns often allows a rapid diagnosis and subsequent therapeutic decisions. Notably, in opportunistic disease neuroimaging has a pivotal role not only in diagnosis but also in monitoring therapeutic response. The following review summarizes recent findings in neuroimaging of CNS infections such as bacterial meningoencephalitis, ventriculitis, infectious disease of the spinal cord as well as viral and opportunistic disease of the CNS.
MENINGITIS
In cases of suspected bacterial meningitis with clouded consciousness, an immediate cranial computed tomography (CT) is recommended before lumbar puncture to rule out causes for swelling that might lead to herniation. However, it has to be noted that empirical antimicrobial treatment has to be started before CT scan and/or lumbar puncture is performed. In the early phase of meningitis, the CT findings are mostly normal. Contrast-enhanced CT may show beginning meningeal enhancement, which becomes more accentuated in later stages of disease. Parenchymal lesions are not easily visualized, except for areas of ischemia due to secondary vasculitis, a complication in up to 20% of cases (FIG. 1) . CT is important and sufficient to define pathology of the base of skull that may be causative and require rapid therapeutic intervention and surgical consultation. Potential sources of infection include fractures of the paranasal sinus or petrous bone as well as inner ear infection and mastoiditis. CT venography is an excellent tool to diagnose complicating thrombosis of the transverse and sagittal sinus, necessitating therapeutic anticoagulation with intravenous heparin. In later stages, persistent drowsiness and meningeal signs should be regarded as an indication for repeat CT to rule out a resorptive hydroceph-alus. If external ventricular drainage is required, further CT studies to check on ventricular size will help in timing of the operation and later cessation of this measure. Often subdural effusions are noted, which usually resolve spontaneously without specific therapeutic intervention. An abnormal parenchymal scan correlates with neurological signs and a worse prognosis. 1 Magnetic resonance imaging (MRI) is not routinely required in cases of uncomplicated bacterial meningitis. It helps to visualize meningeal enhancement more clearly. Sometimes not only the meninges around brain and spinal cord show enhancement after administration of gadolinium (Gd)-DTPA, but also the CSF, as reported in cases of spirochaetal meningitis. 2 Recently, magnetization transfer MRI has been proposed as a useful tool in the diagnosis of tuberculous meningitis. Visibility of the meninges on precontrast T1-weighted magnetization transfer images may be considered highly suggestive of tuberculous meningitis. 3 It is important to institute tuberculostatic triple therapy as early as possible because morbidity and mortality is still high. A recent study of adjunctive dexamethasone for the treatment of tuberculous meningitis in adolescents and adults demonstrated an improvement in survival but no prevention of disability. 4 In complicated cases with seizures and evolving focal signs, MRI is superior to CT in demonstrating parenchymal lesions due to meningoencephalitis or vasculitic complications on FLAIR (fluid-attenuated inversion recovery) sequences. In Lyme disease, multifocal nonenhancing patchy lesions on T2 WI can be seen. Together with a suspect history and pathologic CSF, immediate intravenous therapy with ceftriaxone for 21 days is mandatory. Additional information can be gleaned from diffusion-weighted imaging (DWI). Acute inflammatory lesions, including encephalitis, cerebritis, and tuberculosis, are hyperintense. Neurocysticercosis shows hypointense lesions on DWI. The diagnosis of neurocysticercosis can be readily made neuroradiologically. Open brain or stereotaxic biopsy is usually not necessary. The lesions resolve after treatment with praziquantel or albendazole. The appearance of toxoplasmosis is variable on DWI. Treatment should be instituted immediately, and the treatment response monitored with a follow-up scan after 4 weeks.
Some pathogens have a predilection for brain stem involvement, readily visualized on MRI. Notably, the finding of rhombencephalitis points to listeria monocytogenes as the causative agent, necessitating appropriate choice of antibiotics including ampicillin. 5 Neurobrucellosis shows a wide spectrum of imaging findings from normal to nonspecific findings of inflammation of CNS and nerve roots or vascular complications. 6 Therapy remains empirical.
Vascular complications must be suspected in patients with rapid deterioration despite therapy. In these cases, the sensitivity of DWI has higher sensitivity than conventional MRI in depicting small cortical or deep white matter infarcts due to septic vasculitis. Magnetic resonance angiography can exclude or confirm vasculitis, which is of clinical help in the decision to use high-dose steroid therapy. Recent studies have also advocated the adjunct use of steroids immediately after the diagnosis of bacterial meningitis before antibiotic therapy due to an improved outcome without increased risk of gastrointestinal bleeding. 7 Pyogenic ventriculitis is an uncommon but very severe intracranial infection requiring rapid diagnosis and therapy because of its high mortality. Neuroimaging is the only tool to reliably diagnose this life-threatening condition. MRI is more sensitive and shows periventricular high signal on FLAIR images, ependymal enhancement and in most cases also pial or dura-arachnoid pathology. Irregular intraventricular debris seems to be the most specific abnormality. MRI is indispensable in diagnosing intraventricular rupture of pyogenic abscess. 8 High-dose intravenous antibiotics must be given over a protracted period over weeks. In case of worsening despite intravenous therapy, intraventricular administration via an Ommaya reservoir must be considered.
SUBDURAL AND EPIDURAL EMPYEMA
Extraaxial bacterial empyema is most reliably diagnosed by MRI. CT often leaves doubt as to the nature of the lesion and its exact location. These fluid collections can be found over the convexities or interhemispherically. They are mildly hyperintense relative to CSF and hypointense to white matter on T1WI and hyperintense relative to CSF and white matter on T2WI allowing distinction from sterile effusions and most chronic hematomas. In contrast to subdural empyemas, epidural empyemas show a hypointense rim representing displaced dura depicted at the interface between lesion and brain. Often inflammation-induced parenchymal abnormalities like edema, mass effect, and reversible cortical hyperintensity can be seen. DWI can be used to confirm that extra-axial collections represent empyemas and differentiate them further. Subdural empyema usually show high signal, whereas epidural empyema tend to be of low or mixed signal intensity. 9 Neurosurgical evacuation is the therapy of choice.
PYOGENIC ABSCESS
The diagnosis of pyogenic brain abscesses remains challenging. The clinician faces a diagnostic and therapeutic dilemma mostly in those cases where a single ring-enhancing lesion with perifocal edema has been identified on CT giving rise to the differential diagnosis of abscess versus necrotic tumor (glioblastoma) or metastasis (FIG. 2) . Gd-enhanced MRI is of help to identify multiple small additional lesions indicating metastatic disease. In cases of single lesions on MRI, stereotactic biopsy is the next diagnostic step. Because abscesses should be preferentially centrally aspirated whereas necrotic tumors should have biopsy from the cavity wall, further information to optimize stereotactic surgical planning is required. DWI has been proposed as the method of choice. In several studies, almost all pyogenic abscesses had markedly hyperintense signal on DWI and reduced calculated apparent diffusion coefficient (ADC) indicating restricted water diffusion opposite to nonpyogenic lesions that showed hypointense or mixed signal. Only chordoma and epidermoid can show markedly elevated DWI signal. 10, 11 Other authors have stressed that the calculated ADC values alone do not allow a reliable differentiation due to a large overlap. 12, 13 Although the method is helpful, it does not solve the diagnostic dilemma or obviate the need for biopsy. In unclear cases, additional information can be gathered from proton magnetic resonance spectroscopy (PMRS). This method is not routinely available, but some authors have found the results promising. The presence of lactate cytosolic amino acids with/without succinate, acetate, alanin, and glycine can be regarded as a marker for abscess, lactate and choline for nonabscess cases.
14 Further confirmatory studies are needed. Although some authors have reported on the possibility of differentiating aerobic from anaerobic or sterile brain abscesses, this should be regarded with caution. 15 The contribution of this technique and of PET to differentiate infection from tumors is further discussed in other articles of this issue, dealing with PMRS and with the imaging of brain tumors.
TOXOPLASMOSIS
This is the most frequent opportunistic infection in immunosuppressed patients. 16 Prenatal infection may give rise to later seizures, prompting the use of neuro- imaging. Notably, in third world countries multiple small calcified lesions may be detected. Acute infection in patients with acquired immune deficiency syndrome (AIDS) or after bone marrow transplantation causes lesions that are typically multiple, with ring enhancement or solid. MRI delineates them most clearly, sometimes revealing hemorrhagic zones. 17 In cases with typical lesion appearance therapy with pyrimethamin 50 -100 mg/ day and sulfadiazine 4 g/day should be started promptly. In cases of sulfa allergy, the patient can alternatively be put on clindamycin 600 mg q.id. Not infrequently, neuroimaging reveals toxoplasma lesions with mass effect and marked perifocal edema. In these cases, in the first 7days dexamethasone 4 mg q.i.d should be given additionally. Further progression of edema requires osmodiuretics. In about 80% of patients, radiological improvement can be seen in about 1 week, supporting the diagnosis. Should the lesions be unchanged or progressive, the diagnosis has to be reconsidered and the therapeutic strategy reevaluated. Unfortunately, in cases of severe immunosuppression, the MR appearance can be completely atypical, misleading radiologist and clinician. Notably in fulminate encephalitic variants of the disease, lesions are widespread on T2WI and are completely devoid of enhancement. 18 In these cases, antitoxoplasma therapy should be started until the diagnosis has been clarified further. Also in cases of atypical large solitary toxoplasma lesions showing marked enhancement resembling lymphoma, the clinician must look for additional diagnostic modalities other than conventional imaging while treating the patient for toxoplasmosis. DWI mostly shows no restriction of water diffusion in the core tissue, perfusion studies demonstrate an extremely hypovascular lesion. 19 Spectroscopy is characterized by a predominant lipid peak. A widely available method is thallium-201 brain SPECT, of particular help in the differentiation from lymphoma, which shows marked uptake in contrast to toxoplasma abscess. Tuberculosis abscess may also show uptake.
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SPINAL INFECTIONS
Affections of bony structures, discs, ligaments, and soft tissue
Traditionally the radiological diagnosis of a spinal infection used to be hampered by the lack of specificity and sensitivity of plain x-rays. Only frank bony erosions and destruction of vertebrae could be seen. Thus, only the clinical differential diagnosis of a compressive myelopathy due to vertebral fracture or destruction can be clarified.
Although spinal CT has a higher sensitivity notably after contrast enhancement and may demonstrate spondylitis, it is insufficient for the detection of early discitis or epidural abscess. In cases of bacterial and tuberculous spondylitis, enhanced CT shows erosion and destruction of vertebral bodies with marked contrast enhancement in the disc space and inflammatory changes in the paravertebral regions. The diagnosis of spinal epidural abscess cannot be reliably excluded by CT. CT myelography can at least show the site of cord compression, although it still leaves doubt as to the exact etiology. In sum, it can only be recommended in an emergency setting in the absence of MRI.
Since the advent of MRI, nuclear medicine studies are no longer applied routinely. MRI is the method of choice in the diagnosis of suspected spondylodiscitis. T1-weighted images demonstrate signal loss of vertebral bodies, destruction of cortical margins and interruption of cortical continuity. T2-weighted images show high signal in the affected bony and disc structures. Application of gadolinium is mandatory and facilitates diagnosis. Contrast enhancement can be seen as the earliest sign in the acute phase where changes on T1/T2WI can be subtle. 21 The most common pathogen is Staphylococcus aureus, but other bacteria including rare cases of Brucellar spondylitis have been reported. 22 Several features have been identified appearing helpful in the differentiation of tuberculous from pyogenic spondylitis. Tuberculous spondylitis more often shows a well-defined paraspinal abnormal signal, a thin smooth abscess wall, subligamentous spread to three or more vertebral bodies and involvement of multiple, mostly thoracic vertebral bodies. 23 It is important to bear in mind that rare cases of fungal vertebral osteomyelitis, mostly due to aspergillus and rarely cryptococcus can show the same MRI findings as bacterial spondylitis. 24, 25 Spinal mucormycosis has been reported in some patients being treated for leukemia.
Treatment is mostly conservative with antibiotics after CT guided aspiration for culture and percutaneous drainage. If radiological improvement is seen in 2 weeks, conservative therapy is sufficient. Only instability and intraspinal abscess require neurosurgical intervention. MRI is crucial for follow up to monitor the course under treatment. Even after clinical response and in the absence of systemic inflammation, gadolinium enhancement can persist for months. Additional courses of antibiotic treatment are not indicated in this setting.
Spinal epidural abscess requires a high level of clinical awareness. Notably in patients after paravertebral injections, early scanning must be considered when there is localized and increasing back pain, elevated sedimentation rate, and leukocytosis. MRI depicts epidural abscess clearly as a hyperintense and mixed signal mass with marked Gd enhancement on T1WE. Images in the axial and sagittal planes facilitate preoperative planning. Therapy with emergent surgical decompression and drainage is necessary in cases with compression of neural structures. 26 Cases without frank spinal cord compression by the abscess but severe neurological signs can be a diagnostic pitfall. In these cases spinal cord ischemia due to thrombosis of leptomeningeal vessels or compression of spinal arteries must be suspected as the underlying mechanism. 27 Neuroimaging thus clarifies the etiology and prevents further unnecessary therapeutic surgical interventions.
Involvement of the spinal cord and meninges
Plain radiographs and CT are not helpful. Only MRI can show inflammatory spinal cord pathology. In bacterial disease, inflammatory changes in the spinal cord are mostly due to secondary changes in intraspinal abscesses. MRI shows high signal changes compatible with inflammation and edema on T2WI. Today, spirochetal infections are mostly due to Lyme disease caused by Borrelia burgdorferi. In early stages of Neuroborreliosis, spinal leptomeningitis and root inflammation on Gd-enhanced studies may be the first radiologic feature before the signal changes of myelitis become apparent, allowing early antibiotic treatment. 28 Rarely tuberculosis can manifest with intramedullary tuberculoma that is visible on Gd-enhanced T1WI. Gadolinium-enhanced studies are helpful in demonstrating spinal arachnoiditis, which is a disabling complication of tuberculous meningitis. 29 Additional steroid therapy is recommended for this complication.
Myelitis can be a frequent complication of viral infections. In a large number of cases, the virus remains unidentified. Cases due to herpesviridae such as Varicella zoster virus, cytomegalovirus, and Epstein-Barr virus (EBV) have frequently been described, often in immunocompromised patients. 30 Because these cases often present with ascending paraparesis, differentiation from inflammatory polyradiculitis is essential to rapidly decide on the necessity of therapy with antiviral agents or high-dose steroids versus intravenous immunoglobulins (IVIG). MRI shows high signal changes in the cord with variable edema and Gd enhancement, additionally in lumbosacral roots in EBV infection. 31 Coxsackie and ECHO virus can lead to transverse myelitis. 32 Recently reports have drawn attention to spinal complications of West Nile virus infection. 33 MRI changes include parenchymal spinal cord abnormalities and cauda equina enhancement. In early stages of HIV infection, a myelitis can occur that resembles autoimmune-mediated myelitis. In later stages, the typical MRI features allowing a rapid diagnosis are tract pallor and vacuolar myelopathy showing mixed signal intramedullary lesions, sometimes with marked cystic appearance. Sometimes Gd enhancement is found. 34 Steroid treatment usually is not beneficial in these cases. Conversely, in cases of tropical spastic paraparesis due to HTLV-2 myelopathy the MRI is normal and only rarely shows atrophy. 35 
VIRAL MENINGOENCEPHALITIS
Herpes simplex virus (HSV) I remains the most common cause of viral encephalitis. 36, 37 However, the recently observed epidemic of the West Nile virus, newly recognized viruses such as the Nipah virus and the previously unnoticed association of viruses like the human herpes viruses 6 or 7 (HHV 6, HHV 7) or enterovirus 71 with CNS infections underline that agents other than HSV I have to be considered in acute encephalitis. Even in immunocompetent adults, HHV 6 can cause a chronic encephalitis (FIG. 3) . In immunocompromised patients the spectrum of possible causative agents is even broader. Detection of HSV DNA in the CSF by PCR remains the mainstay for the diagnosis of HSV encephalitis, 38 although results of this laboratory test may be false negative or may arrive belatedly. Thus, results of imaging studies are important to decide whether antiviral treatment has to be started in patients with suspected HSV encephalitis. Cranial MRI is superior to CT in early detection of signs of this necrotizing encephalitis, which can be demonstrated within the first 48 h on T2-weighted (T2WI) or FLAIR images. 39 In infants and neonates, DWI appears to be more sensitive than T2WI or FLAIR imaging in early detection of the cytotoxic cortical edema. 40 Recently, this finding could be confirmed in adults. 41 Interestingly, repeated MRIs performed in the same study demonstrated that diffusion abnormalities disappear within 14 days after symptom onset, whereas hyperintensities on T2WI persist. Further studies are warranted to see whether resolution of these changes on DWI is related to treatment with antiviral substances and whether the persistence of these changes reflects cortical damage and poorer outcome in patients with HSV encephalitis.
The Nipah virus, a new paramyxovirus closely related to the Hendra virus (an equine mobillivirus), has recently been shown to cause severe acute encephalitis. 42 Radiological features usually consist of multiple small hyperintense lesions within the white matter on T2WI.
43 T2WI may also demonstrate transient hyperintense punctate lesions in the brainstem and cortex. Interestingly, T2WI of asymptomatic seropositive individuals may show small hyperintense lesions similar to those found in encephalitis patients suggesting that a mild subclinical variant of Nipah virus encephalitis exists. 44 Enterovirus 71 (EV71), an enterovirus of the family Picornaviridae, may lead to a polio-like brainstem encephalitis and acute flaccid paralysis. MRI of EV71 encephalitis typically shows hyperintense lesions on T2WI located within the brainstem and dentate nuclei of the cerebellum. 45 In some patients, lesions may expand to the spinal cord, thalamus, and putamen. In some patients, DWI is able to demonstrate hyperintense changes in the posterior medulla without other brain abnormalities on T1WI or T2WI on the first day of neurological deterioration, underlining the superiority of DWI in early detection of infectious CNS disease compared with results of T2WI or contrast enhanced T1WI. 46 Japanese encephalitis (JE) affects approximately 50,000 people per year, of whom approximately 10,000 will die. As with other infectious CNS diseases, cranial MRI appears more sensitive than CT in detection of JE-related brain abnormalities. 39 Typical MRI features consist of either mixed intensity or hypointense lesions on T1WI and hyperintense or mixed intensity lesions on T2WI predominantly in the thalami, but also in the basal ganglia, brainstem, cerebellum, and cortical areas. 47 A recently published study found that cranial CT was abnormal in around 38%, whereas MRI revealed pathological changes in 90.6 -95.5%. 48 Thalamic abnormalities on T2WI were found in 87.5% both in children and adults, in 40.6 -54.2% in the basal ganglia, in 28.1-45.8% in the midbrain and in 21.9 -25% in cortical areas.
The West Nile virus (WNV) has caused encephalitis outbreaks in Southern Europe, Russia, and the United States, with the last large encephalitis outbreak in 2002. Clinical, laboratory, and neuroimaging features were described in a recent study evaluating WNV seropositive patients. 49 Five patients presented with meningitis, eight with encephalitis and three with polio-like acute flaccid paralysis. T2WI and DWI revealed focal hyperintense lesions within the basal ganglia, thalamus and pons in only two of the eight encephalitic patients, whereas CT remained normal in all patients. In patients with acute flaccid paralysis, MRI demonstrated enhancement of the cauda equina and nerve root clumping. In some patients, the virus affects substantia nigra as suggested by hyperintensities on T2WI in this region. 50 Similar to HSV and EV71 encephalitis DWI seems to be more sensitive to detect signal abnormalities especially in the initial phase of WNV infection of the brain.
Murray Valley encephalitis (MVE) belongs to the Japanese encephalitis antigenic complex and is endemic to Australia and Papua New Guinea. MRI demonstrates abnormalities very similar to those in Japanese encephalitis. As it has recently been reported, T2WI shows hyperintense changes within the thalami, red nucleus, substantia nigra, and cervical spinal cord. 51 Thus, the similarities in MRI appearance of Japanese encephalitis, West Nile encephalitis, and Murray Valley encephalitis do not allow discrimination of these CNS infections only from imaging features.
Acute measles virus encephalitis and subacute sclerosing panencephalitis (SSPE) Infection of the CNS with the measles virus (MV) may result in 1) acute postinfectious encephalitis, 2) acute progressive encephalitis, and 3) SSPE. Data about imaging findings in acute measles encephalitis are sparse. T2WI may reveal cortical edema and bilateral symmetric hyperintense lesions within the putamen and caudate nuclei as well as within the centrum semiovale. 52 Sometimes patients also present bilateral thalamic lesions and signal abnormalities within the corpus callosum. The value of DWI in detection of early acute measles encephalitis has not been evaluated. Contrast enhancement may appear in cortical areas and leptomeninges in some patients. SSPE is a rare progressive CNS disease that usually occurs in childhood and early adolescence but may also be present in older adults. 53, 54 Differences in appearance of early and late stage SSPE on MRI are not very well defined. A recent study compared MR spectroscopy and conventional MRI in children with early stage and children with late stage SSPE. 55 Conventional MRI revealed no abnormalities in early stage SSPE, but disclosed widespread periventricular hyperintense changes on T2WI in late stage SSPE. In contrast, MR spectroscopy demonstrated an increase in choline/creatinine ratios in the frontal and parieto-occipital white matter in all patients suggestive of inflammation also in early stages of SSPE. N-acetylasparate/creatine ratios were normal in the early stage probably reflecting an absence of neuronal loss, which could be detected in the late stage of SSPE.
FUNGAL INFECTIONS
Fungal infections of the CNS are very rare in the general population. Except for people with longstanding diabetes, they are most frequently encountered in immunocompromised patients such as those with AIDS or after organ transplantation. Due to the lack of inflammatory response, neuroradiological findings are often nonspecific. Although almost any fungus may cause encephalitis, cryptococcal meningoencephalitis is most frequently seen, followed by aspergillosis and more rarely candidasis. Cerebral candidasis is usually preceded by a systemic candida infection and is frequently catheter related. In immunocompetent patients, it can manifest as solid or abscess-like lesions giving rise to the differential diagnosis of a pyogenic abscess. In immunosuppressed patients, the neuroradiological findings are often difficult to interpret. MRI shows punctuate or patchy signal hyperintensities on T2WI, gadolinium enhancement is frequently absent. 56 These findings alone do not allow a specific diagnosis, so that treatment decisions must be based on clinical parameters and CSF findings.
In cryptococcal meningoencephalitis, diffuse meningeal enhancement and also ventriculitis can be seen on MRI. Typical findings are multiple punctuate lesions, often in the basal ganglia. These are characteristic cystic lesions due to cryptococcal invasion of the VirchowRobin-spaces. They are termed "soap bubble lesions" and allow the quick provisional diagnosis leading to rapid antifungal treatment. In nonimmunodeficient patients or patients with AIDS under highly active antiretroviral treatment, who develop an immune reconstitution syndrome the lesions can become ring enhancing. Even with intensive treatment (amphotericin B and 5-flucytosine), outcome is often poor and mortality as high as 70%. 57 Rarely in patients with AIDS and more frequently in patients who have had bone marrow transplantation (BMT), aspergillus is an agent for opportunistic infection of the CNS. 58 Mortality is high in these patients, and early diagnosis is mandatory if survival is to be achieved. 59 Laboratory findings do not always confirm the diagnosis of fungal infection so that neuroimaging is crucial in establishing the diagnosis. CT findings may be nonspecific and the diagnosis of fungal infection is often made retrospectively at autopsy. The appearance of aspergillus infection of the CNS is extremely varied. Using MRI, several patterns of cerebral aspergillosis have been reported: edematous lesions, hemorrhagic lesions, solid enhancing lesions referred to as aspergilloma or "tumoral form," abscess-like ring-like enhancing lesions (FIG. 4) , and infarction-like lesions. Dural enhancement is usually seen in lesions adjacent to infected paranasal sinuses. On MRI, lesions may show areas of isointense or low signal intensity on T2WI, which is attributed to fungal hyphen containing paramagnetic elements like manganese, iron, and magnesium, but may be also related to blood breakdown products. 60 Cortical and subcortical infarction with or without hemorrhage is a common finding in aspergillus infection explained by fungal infiltration of the vessel wall and thrombosis. 61 Recognition of these radiological patterns in patients with cerebral aspergillosis is helpful in establishing an early diagnosis. Patients with AIDS and after BMT, who are severely immunoincompetent, often do not show any enhancement or perifocal edema. 62 
